Objective: To ascertain whether fluorodeoxyglucose positron emission tomography is indicated for clinical staging of superficial cancer, we sought to determine if it accurately classifies tumor (T), regional nodal (N), and distant metastases (M), including distinguishing high-grade dysplasia (Tis) from invasive cancer (T1). Methods: Fifty-eight superficial esophageal cancer patients had preoperative positron emission tomography, 53 (91%) fused with computed tomography. Tumor characteristics, esophagoscopy findings, and pTNM were compared with positron emission tomography cTNM. pT1 was subdivided into intramucosal cancers with lamina propria or muscularis mucosa invasion and submucosal cancers with inner or outer invasion. Results: Fluorodeoxyglucose uptake increased with pT, from 5/11 (45%) for pTis to 11/16 (69%) for pT1 (outer submucosa), P = 0.07, as it did for standardized uptake value, median 0 for pTis to 2.7 for pT1 (outer submucosa), P = 0.06. Positron emission tomography could not differentiate Tis (5/11, 45%) from T1 (26/47, 55%; P = 0.03). Regional nodal fluorodeoxyglucose uptake in three patients (standardized uptake value 2.8, 4.9, 11) was false positive; in six pN1 patients, it was false negative. Positron emission tomography had 0% sensitivity and positive predictive value for N1. There were no distant metastases; one patient developed a pulmonary metastasis 15 months postoperatively. Positron emission tomography detected three (5%) distant hypermetabolic sites, all synchronous tumors (papillary thyroid cancer, adrenal pheochromocytoma, rectal adenoma). Only increasing tumor length was related to greater fluorodeoxyglucose uptake (P = 0.004) and higher standardized uptake value (P = 0.001). Conclusions: Because positron emission tomography can neither differentiate pTis from T1 nor classify T, N, and M, it is not indicated in staging superficial esophageal cancer. Finding a synchronous primary tumor in approximately every 20th patient is its only benefit. Better, less expensive screening tools are available for common synchronous malignancies. #
Introduction

2[
18 F]fluoro-2-deoxy-D-glucose positron emission tomography (FDG-PET) has become a widely used clinical staging tool for esophageal cancer. However, its value in clinical staging of superficial carcinomas has been questioned [1] [2] [3] . The purposes of this study were to determine if FDG-PET accurately classifies tumor (T), regional nodal (N), and distant metastases (M), including distinguishing high-grade dysplasia (Tis) from invasive cancer (T1).
Patients and methods
Patients
From June 2003 to August 2005, 66 patients with superficial adenocarcinoma of the esophagus (pTis [highgrade dysplasia] or pT1) underwent esophagectomy at Cleveland Clinic. Of these, 58 (88%) had preoperative FDG-PET scanning and are the basis for this study. FDG-PET scanning was performed 50 AE 52 days before esophagectomy. Fifty-three (91%) had fused computed tomography PET scans (PET/CT), all but 1 performed at Cleveland Clinic; 5 (9%) had FDG-PET scans elsewhere without CT.
FDG-PET technique
The 52 patients who had PET/CT scans performed at Cleveland Clinic were scanned after typical preparation, including fasting after midnight before the test, hydration, and avoiding excessive muscle activity. Patients were injected with 15 mCi of FDG for weight up to 100 kg and 20 mCi for weight exceeding that. They were imaged 45-60 min later from skull base to mid-thigh with arms raised. A Siemens biograph 16 scanner was used with imaging time of 2-5 min per bed position, based on patient weight (1 min for weight <68 kg, 1.5 min for 68-100 kg, 2 min for >100 kg). Image reconstruction used the iterative OS-EM algorithm (two iterations and eight subsets) and 6-mm filter with the CT data used for attenuation correction. PET/CT studies were reviewed by one of three experienced nuclear medicine physicians using available co-registration software. Standardized uptake value (SUV) calculations were obtained using standard Siemens software for regions of interest drawn around findings of concern. Maximal SUV was recorded for analysis.
Tumor characteristics
At esophagoscopy, median length of Barrett mucosa was 3.0 cm (Table 1) . One patient each had endoscopically identified nodules, plaque, and ulcer. Endoscopic ultrasound (EUS) was performed in 53 patients.
At resection, in 20 patients in whom all 3 tumor measurements were available, median tumor dimensions were 1.8 cm Â 1.4 cm Â 0.2 cm ( Table 1) . Depth of tumor invasion (pT) was high-grade dysplasia (pTis) in 11 (19%), intramucosal cancer (pT1a) in 24 (41%), and submucosal cancer (pT1b) in 23 (40%) ( Table 2 ). Total number of nodes sampled was 994, median 15 per patient. Six patients had regional lymph node metastases (pN1); one cancer invaded the inner submucosa (T1b-inner) and five the outer submucosa (T1b-outer). All patients had adenocarcinoma.
Surgery
All patients proceeded to esophagectomy without induction chemoradiotherapy. Based on clinical stage, 38 (66%) had transhiatal esophagectomy with lymph node sampling, and 20 (34%) had thoracoabdominal esophagectomy with twofield lymph node sampling (Table 3) .
Data analysis
SUV was analyzed as a binary variable (any uptake) and as a continuous variable (actual uptake). The CochranArmitage test was used to determine if the percentage of patients with any uptake increased with greater tumor depth or worse tumor differentiation. The Jonckheere-Terpstra test was used to determine if actual uptake increased with greater tumor depth or worse tumor differentiation. Tis: high-grade dysplasia; T1a-lp: tumor invasion confined to lamina propria; T1a-mm: tumor invasion into muscularis mucosa; T1b-inner: tumor invasion into inner half of submucosa; T1b-outer: tumor invasion into outer half of submucosa. a pN1 confirmed by endoscopic ultrasound-guided fine-needle aspiration.
Spearman rank correlation was calculated to assess the strength of the association of SUV with Barrett length, tumor length, and tumor size. Analyses were performed using SAS W software (SAS Institute Inc., Cary, NC). Data are presented as frequencies and percentages, medians, quartiles, and ranges, or means AE standard deviations, as appropriate.
Results
FDG-PET and pT
Of the 58 patients, 31 (53%) had FDG uptake at the primary tumor site. Patients with tumor uptake had SUV ranging from 2.1 to 16.6, with a mean of 3.9 and median of 3.5 ( Fig. 1) . FDG uptake increased with increasing depth of tumor invasion (P = 0.07), as did SUV (P = 0.06; Table 4 ). However, FDG-PET could not differentiate pTis from pT1, with 5 of 11 (45%) pTis tumors having FDG uptake and 26 of 47 (55%) pT1 tumors having it. Increasing tumor length at endoscopy was related to greater FDG uptake (P = 0.004) and higher SUV (P = 0.001; Fig. 2 ). Tis: high-grade dysplasia; T1a-lp: tumor invasion confined to lamina propria; T1a-mm: tumor invasion into muscularis mucosa; T1b-inner: tumor invasion into inner half of submucosa; T1b-outer: tumor invasion into outer half of submucosa. a Endoscopic ultrasound not performed in four patients. b Endoscopic ultrasound not performed in one patient. SUV: standardized uptake value; Tis: high-grade dysplasia; T1a-lp: tumor invasion confined to lamina propria; T1a-mm: tumor invasion into muscularis mucosa; T1b-inner: tumor invasion into inner half of submucosa; T1b-outer: tumor invasion into outer half of submucosa. a Percentile.
FDG-PET and pN
Of the 58 patients, 3 (5.2%) had FDG uptake in regional lymph nodes, with SUVs of 2.8, 4.9, and 11 ( Fig. 3) . FDGpositive nodes were found to be false positive after pathologic examination of 13, 25, and 26 nodes. (No primary tumor uptake was observed in these patients.) Six patients with regional lymph node metastases (pN1, Table 2 ) at esophagectomy had false-negative FDG-PET scans. Thus, sensitivity and positive predictive value of FDG uptake for pN1 were 0% and 0%, and specificity, negative predictive value, and accuracy were 94%, 89%, and 84%, respectively.
FDG-PET and pM
Three patients (5.3%) demonstrated distant-site FDG uptake, with SUVs of 4.8, 4.9, and 7.4. Additional investigations and confirmatory biopsies revealed synchronous neoplasms in all three: papillary carcinoma of the thyroid, adrenal pheochromocytoma (Fig. 4) , and rectal adenoma. No distant metastases from esophageal cancers were found at esophagectomy. One patient developed a pulmonary metastasis 15 months postoperatively.
Discussion
Principal findings
Despite use of improved imaging technology (PET/CT), this study identifies three tumor and three imaging problems that compound to render FDG-PET useless for reliable detection of superficial carcinoma of the esophagus. Tumor problems include: (1) small size, (2) uncommon regional lymph node metastases for these small tumors, and (3) rare distant metastases. Imaging problems include: (1) using three-dimensional imaging for a unidimensional characterization of pT, (2) uncertainty in interpreting FDG uptake, and (3) small signal-to-noise ratio.
FDG-PET and pT
It is not surprising that many investigators have found FDG-PET results and pT to be positively, but poorly, correlated [2] [3] [4] [5] . FDG-PET relates to volume of tumor and its metabolic activity, while pT is a unidimensional characterization of tumor depth. For superficial cancer, the problem is compounded by the fact that these tumors are small and may be below the resolution of FDG-PET [2, 3, 6] . Himeno and colleagues reported that 100% of 15 tumors confined to the mucosa (pTis and pT1a) were FDG-PET negative, and 100% of 15 tumors invading beyond the mucosa (T ! 1b) were positive [2] . This led them to conclude that 'Tis and T1a tumors are undetectable by this modality.' Kato and colleagues reported that 18% of T1a tumors and 61% of T1b tumors were FDG-PET positive [3] . Cerfolio and colleagues reported that SUV increased with pT from 1.7 for pTis to 6.0 for T1-T2 and 9.8 for T3-T4 [5] . Our analysis found a higher uptake with Tis and T1a than previously reported, perhaps because of improved technology with PET/CT, but also because we had a larger patient population, some of whom had large superficial tumors. However, the power of PET/CT to discriminate T classification for superficial esophageal cancer is inadequate. Similarly, this test is unable to differentiate pTis from invasive cancer.
The problem is further compounded by the nonspecific nature of FDG uptake. Hypermetabolism is not unique to malignancy, which may lead to false-positive interpretation of FDG uptake. FDG-PET hypermetabolism has been reported secondary to esophagitis caused by chemotherapy [7] , radiation therapy [8] , candida infection [9] , Barrett esophagus [10, 11] , gastroesophageal reflux disease-associated esophageal spasm, and bacterial esophagitis with peptic stricture [11] . Three percent of FDG-PET/CT studies have incidental lesions detected in the gastrointestinal tract [10] . These contribute also to 1 component of the 'background noise' of FDG-PET.
FDG-PET and pN
Similarly, it is not surprising that FDG-PET is highly specific and accurate in detecting pN1 disease, because few patients with superficial cancer have nodal metastases. However, it is insensitive, with no positive predictive value, because nodal metastases are likely microscopic (small volume), and any node detected likely reflects background hypermetabolism 'noise' for some reason other than tumor [12] . van Westreenen and colleagues performed a metaanalysis of 12 reports of FDG-PET for staging esophageal cancer [13] . Median prevalence of pN1 was only 0.55 (range, 0.33-0.84). Pooled sensitivity and specificity for pN1 were only 0.51 (95% CI, 0.34-0.69) and 0.84 (95% CI, 0.76-0.91), respectively. Positive predictive value and negative predictive value were 0.60 and 0.46, respectively. This rather poor performance of FDG-PET/CT is magnified in patients with superficial esophageal cancer, in which pN1 prevalence is low.
FDG-PET and pM
Exceedingly low prevalence of distant metastases compounds the problems of interpretation. Performance of PET/CT in M1 classification was undefined in patients with superficial esophageal cancer in our study because no pM1 was detected. In the same meta-analysis of van Westreenen and colleagues, median prevalence of pM1 was 0.36 (range, 0.09-0.50). Pooled sensitivity and specificity for pM1 was 0.67 (95% CI, 0.58-0.76) and 0.97 (95% CI, 0.90-1.00), respectively. Positive predictive value and negative predictive value were 0.92 and 0.83, respectively. False-positive examinations (signal-to-noise) result from incidental synchronous tumors, which have been reported to occur in 5.5% of 366 patients with esophageal cancer undergoing FDG-PET [14] . They were most common in the colon, kidney, and thyroid. The present study identified a similar number and locations of synchronous tumors, which simply reflect incidental tumors in these patients, not stage of the esophageal cancer.
Strengths and weaknesses
This is a small study from a single institution having a large experience with an uncommon tumor. Nevertheless, it highlights the limitation of current imaging technology, including PET and CT, to detect these small tumors. The study is also limited by our ability to accurately sample, detect, and classify tumors wherever they may be.
Recommendations
Because FDG-PET can neither differentiate pTis from T1 nor classify T, N, and M, it is not indicated in staging superficial esophageal cancer. Finding a synchronous primary tumor in approximately every 20th patient is its only benefit. Better, less expensive screening tools are available for common synchronous malignancies.
